Significant attention has been paid to the effect of a magnetic field on the nucleation and growth processes of magnetic materials 7, 8 and the self-assembly behaviors of molecules. 911 A clear effect of an external magnetic field was shown vividly in the growth of magnetic materials such as Fe and Co, since magnetic materials possess easy magnetic axes. The growth of ferromagnetic materials under a magnetic field produced crystals in a wire formation. 7 Over many years, scientists have developed several methods for the structural control of organized molecular assemblies, such as the use of flow and electric fields. The use of a magnetic field is also a potential method for the alignment and orientation of molecules and domains, because it has the advantage that any materials, even diamagnetic materials, can be aligned as long as they possess magnetic anisotropy. It is well established that diamagnetic assemblies having magnetic anisotropy will become oriented and rotate in a magnetic field to achieve their minimum-energy state. 9 Protocols for producing orientated ordered inorganic surfactants have been reported but are based only on simulation theory. 10 The use of TiO 2 as an inorganic precursor and an organic surfactant, however, has not been reported.
Here, well-aligned titanium dioxide was synthesized successfully through a solgel method by using tetra-n-butyl orthotitanate (TBOT) as the titanium dioxide precursor. In a typical experiment, cetyltrimethylammonium bromide (CTAB) was weighed (0.023 mg) and placed into a 5-mL sample bottle. Subsequently, 2-propanol (2.057 mL) and water (0.016 mL) were added to the sample bottle. TBOT as the TiO 2 precursor (0.1 mL) was then added dropwise into the sample bottle. Finally, the solution was transferred quickly into a petri dish and covered with perforated aluminum foil.
The petri dish containing TBOT, CTAB, 2-propanol, and water was placed under a magnetic field and allowed to self-dry for 47 days. The relative humidity was 60%. The hydrolysis rate was controlled by varying the apparent area of the liquidair interphase by putting the reaction mixture in narrow-bore and large-bore tubes. A superconducting magnet (Oxford magnet) with a maximum field of 9.4 T was used as the magnetic field source. The magnetic field was adjusted by varying the distance between the magnetic field source and the samples. In this research, the sample was placed at the center of the magnetic field source, which gave a value of 9.4 T. For the study of the effect of magnetic field strength, another sample was placed 0.9 m away from the magnetic field source, giving a value of 2.5 © 10 ¹4 T. The obtained TiO 2 samples were characterized by using several characterization techniques, as described in the Supporting Information.
12 Figure 1 shows the mixture of TBOT, CTAB, 2-propanol, and water after 5 min, 1 day, and 7 days. It is seen clearly that the reaction mixture was converted into gel form after one day and then to the solid form of TiO 2 after seven days. Scanning electron microscope (SEM) images of the prepared TiO 2 samples are shown in Figure 2 . In the absence of the CTAB surfactant and magnetic field, TiO 2 in a block shape (Figure 2a ( Figure 2c ) at a relatively fast hydrolysis rate in four days, indicating that the alignment of TiO 2 was influenced by the magnetic field. Interestingly, abundant, well-aligned TiO 2 particles with lengths of 5002000¯m were produced successfully ( Figure 2d ) with a relatively slow hydrolysis rate in seven days under the same magnetic field strength. This evidence implies that the slow hydrolysis rate is very important in terms of providing enough time for the formation of an abundance of well-aligned TiO 2 . Interestingly, the well-aligned TiO 2 was clearly straighter and more compact ( Figure 2e ) under a strong magnetic field of 9.4 T. Without CTAB and with slow hydrolysis (7 days) under a strong magnetic field (9.4 T), TiO 2 in the block shape ( Figure 2f ) was obtained. Therefore, we conclude that the use of the CTAB surfactant as a structure-aligning agent, with a slow hydrolysis rate, and strong magnetic field are the key factors in the formation of well-aligned TiO 2 . As support for this conclusion, several SEM and optical microscope images of TiO 2 synthesized under the magnetic field are displayed in Figures S1 , S2, S3, and S4. 12 The determination of the mesoscopic structure of wellaligned TiO 2 containing CTAB was very challenging. Figure 3 shows the XRD pattern of well-aligned TiO 2 containing CTAB before and after calcination. It is revealed that well-aligned TiO 2 obtained was in the amorphous phase (Figure 3a) . This phase was transformed into the anatase phase after calcination at 500°C for 2 h (Figure 3b ). Low-angle X-ray diffraction patterns of well-aligned TiO 2 containing CTAB before and after calcination are shown in Figure S5 . 12 The structure of the well-aligned TiO 2 was ruptured after the calcination process (see SEM image in Figure 2g ). The specific surface area of the sample in Figure 2g removal of the surfactant without damage to the structure of the well-aligned TiO 2 by a photocatalytic degradation method is now underway in our laboratory. These results imply that XRD is not reliable for studying the mesoscopic structure of this material. It has been reported that 13 CP/MAS NMR is a more reasonable technique for the study of materials containing surfactants, since different materials possess different surfactant packing parameters. Figure 4 shows the solid-state 13 C CP/MAS NMR spectra of the TiO 2 samples. The assignment is based on the previous report for crystalline CTAB.
14 It is revealed that TiO 2 synthesized with slow hydrolysis under a magnetic field (Figures 4c  and 4d) shows an increase in C 15 peak intensity. The greater intensity of the C 15 peak indicates that most of the alkyl chains are in an ordered structure at ambient temperature. 15, 16 Through spectral deconvolution, it was possible to estimate the relative proportions between the peaks by comparing their intensities. The intensity ratio of the C 15 to the C 2 peak is 2.5:1 for the TiO 2 sample in Figure 4a . The intensity ratio gradually increases to 3.5:1, 10.2:1, and 10.5:1 for the TiO 2 samples in Figures 4b, 4c , and 4d, respectively. Although there is still no clear explanation as to why the alkyl chains are in an ordered structure in the wellaligned TiO 2 samples, these results demonstrate that a magnetic field affects the alkyl arrangement of the cetyltrimethylammonium bromide surfactant. Figure S6  12 shows the ratio of titania to carbon in the TiO 2 samples synthesized without surfactant and under a magnetic field.
12
In summary, some insights into the possible mechanism of the formation of well-aligned TiO 2 were obtained from the following observations. Well-aligned TiO 2 was only obtained in the presence of the CTAB surfactant, with a slow hydrolysis rate, and under a strong magnetic field. The surfactant is clearly responsible for directing the formation of TiO 2 under a magnetic field. A slow hydrolysis rate promotes the self-assembly of the surfactant molecules, leading to the optimization of the interaction between the surfactant and the inorganic framework. 17 In addition, an external magnetic field leads to changes in the alignment of the surfactant. As a result, owing to the interfacial interaction between the surfactant and TBOT, the arrangement of well-aligned TiO 2 can be stimulated during the slow hydrolysis of TBOT. In other words, the formation of any well-aligned materials can be achieved by the use of the CTAB surfactant with a slow hydrolysis rate under a strong magnetic field.
We gratefully acknowledge the funding from Universiti Teknologi Malaysia (UTM), under Research University Grants (GUP Q.J130000.7126.010H06 and Q.J130000.2426.00G05) and Nippon Sheet Glass Foundation for Materials Science and Engineering. N. A. thanks the Ministry of Science, Technology and Innovation (MOSTI) Malaysia for financial support through a National Science Fellowship. Chemical shift Figure 4 . 13 C CP/MAS NMR spectra of TiO 2 samples synthesized (a) with CTAB, with fast hydrolysis (4 days), and without magnetic field; (b) with CTAB, with fast hydrolysis (4 days), and under low magnetic field (2.5 © 10 ¹4 T); (c) with CTAB, with slow hydrolysis (7 days), and under low magnetic field (2.5 © 10 ¹4 T); and (d) with CTAB, with slow hydrolysis (7 days), and under strong magnetic field (9.4 T).
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Well Tesla), and (d) with CTAB, with slow hydrolysis (7 days) and under strong magnetic field (9.4 Tesla), and their titania to carbon ratio. One suggests that the weight loss at 200 -270 °C was corresponded to CTAB that physically adsorbed on the surface of TiO 2 , while the weight loss at 270 -400 °C indicate the decomposition of the intercalated CTAB.
